The mechanism(s) of insulin resistance in non-insulin-dependent diabetes mellitus remains ill defined. The current studies sought to determine whether non-insulin-dependent diabetes mellitus is associated with (a) a delay in the rate of onset of insulin action, (b) impaired hepatic and extrahepatic kinetic responses to insulin, and (c) an alteration in the contribution of gluconeogenesis to hepatic glucose release. To answer these questions, glucose disappearance, glucose release, and the rate of incorporation of '4CO2 into glucose were measured during 0.5 and 1.0 mU/kg-' per min-' insulin infusions while glucose was clamped at -95 mg/dI in diabetic and nondiabetic subjects. The absolute rate of disappearance was lower (P < 0.05) and the rate of increase slower (P < 0.05) in diabetic than nondiabetic subjects during both insulin infusions. In contrast, the rate of suppression of glucose release in response to a change in insulin did not differ in the diabetic and nondiabetic subjects during either the low (slope 30-240 min:0.02±0.01 vs 0.02±0.01) or high (0.02±0.00 vs 0.02±0.00) insulin infusions. However, the hepatic response to insulin was not entirely normal in the diabetic subjects. Both glucose release and the proportion of systemic glucose being derived from "4CO2 (an index of gluconeogenesis) was inappropriately high for the prevailing insulin concentration in the diabetic subjects. Thus non-insulin-dependent diabetes mellitus slows the rate-limiting step in insulin action in muscle but not liver and alters the relative contribution of gluconeogenesis and glycogenolysis to hepatic glucose release. (J. Clin. Invests 1995. 95:755-762.) Key words: insulin resistance . gluconeogenesis * glucose turnover * rate of onset of insulin action
Introduction
Non-insulin-dependent diabetes mellitus (NIDDM)' is associated with both hepatic and extrahepatic insulin resistance (1) (2) (3) (4) (5) . The hyperinsulinemic euglycemic clamp technique has been extensively used to establish that hepatic glucose release is inappropriately increased and glucose uptake inappropriately decreased relative to the prevailing insulin concentration in NIDDM (1) (2) (3) (4) (5) . However, these conclusions are based on steady state measurements performed after several hours of insulin infusion. In nondiabetic humans, the rapid increase in insulin concentration that occurs after food ingestion results in prompt suppression of hepatic glucose release and stimulation of glucose uptake (6) (7) (8) (9) . A delay in insulin secretion causes postprandial hyperglycemia (10) . Therefore the rate of onset of insulin action is likely to be as, if not more, important than the absolute effect eventually achieved at any given insulin concentration.
The mechanism of insulin resistance in hepatic and extrahepatic tissues in people with NIDDM remains ill defined. Previous studies have suggested that the rate of insulin-induced stimulation of muscle glucose uptake is slower in diabetic than nondiabetic individuals ( 11) . It is currently not known whether the rate of suppression of hepatic glucose release by insulin also is slower. A similar decrease in the rate of response of both liver and muscle to insulin would support a common defect in insulin action. In contrast, a delay in stimulation of glucose uptake but a normal rate of suppression of hepatic glucose release would indicate that insulin resistance has slowed the rate-limiting step in insulin action in muscle but not the liver. Even then the hepatic response to insulin may not be completely normal if the relative contribution of gluconeogenesis and glycogenolysis to hepatic glucose output differs from that observed in nondiabetic humans. Several recent studies have reported that gluconeogenesis is increased in the postabsorptive state in NIDDM (12, 13) . There is limited information as to whether or not gluconeogenesis also is resistant to insulin.
The current studies therefore were undertaken to test the hypothesis that at insulin concentrations spanning the physiologic range, the rate of onset of insulin action is slower in both hepatic and extrahepatic tissues in diabetic than nondiabetic humans. We also sought to test the hypothesis that insulininduced suppression of gluconeogenesis is impaired in NIDDM, thereby causing newly synthesized glucose to make a proportionately greater contribution to hepatic glucose release in diabetic than nondiabetic humans.
Methods
Subjects. After approval from the Mayo Institutional Review Board, seven volunteers with NIDDM and seven matched nondiabetic volunteers (Table I) gave informed written consent to participate in the study. The glycosylated hemoglobin concentrations in the diabetic volunteers averaged 9.0±1.0% (normal range 4-7%) at the time of entry into the study. Two of the seven diabetic subjects were being treated with diet alone and the remaining five with diet plus a sulfonylurea agent. In the latter individuals, the sulfonylurea was discontinued two weeks before study. The nondiabetic subjects had normal fasting blood glucose concentrations and no first degree relatives with diabetes mellitus. Experimental design. All studies were conducted in the Mayo General Clinical Research Center. Subjects were studied on two occasions separated by at least 1 wk. The volunteers were admitted to the Mayo General Clinical Research Center the night before the study and received a standard mixed meal (636 calories, 48% carbohydrate, 32% fat, and 19% protein) at 1800-1830. After placement of an 18-gauge catheter in a forearm vein, an intravenous infusion of either insulin (diabetic volunteers) or saline (nondiabetic volunteers) was initiated. The insulin infusion rate was varied according to the algorithm of White et al. (14) so as to achieve and maintain euglycemia during the night. At 0630 the next morning, an additional 18-gauge catheter was placed in an antecubital vein for infusion of glucose, insulin, potassium chloride, and tracers. A needle also was placed retrogradely into a dorsal vein of the opposite hand. This hand was then placed into a heated unit to provide arterialized venous blood samples.
Primed-continuous infusions of [6-3H] glucose (8.0 /Ci, 0.08 ,uCi/ min) and H'4CO3 (110 I tsCi, 1.1 sCi/min) (both from New England Nuclear, Boston, MA) were started at 0700. ['3C] leucine was also infused as part of a separate protocol. The [6-3H] glucose was confirmed to be > 99% pure by HPLC. The nocturnal insulin (in the diabetic subjects) or saline (in the nondiabetic subjects) was discontinued at 1100 and an unprimed, continuous infusion of insulin (Humulin R; Eli Lilly and Co., Indianapolis, IN) started at a rate of either 0.5 or 1.0 mU/kg-' per min-'. These insulin infusions were stopped at 1500. The insulin was mixed with 0.9% normal saline and 0.1% human serum albumin (Miles Inc., Elkhart, IN). Glucose containing [6-3H] glucose was infused in amounts sufficient to maintain euglycemia (15) .
Analytical techniques. Blood and expired air were collected at regular intervals as previously described ( 16) . Plasma glucose concentration was measured immediately upon collection using a glucose oxidase method (glucose and lactate analyzer; Yellow Springs Instrument Co., Yellow Springs, OH). Additional blood was placed on ice, centrifuged at 40C, separated, and stored at -200C until assay. Plasma insulin, cpeptide, glucagon, growth hormone concentrations, and glucose and breath (14CO2) specific activities were determined as previously described (7, (15) (16) (17) . Lactate concentrations were measured using a lactate oxidase method (glucose and lactate analyzer; Yellow Springs Instrument Co.). Plasma glycerol concentrations were measured using a peroxidase-coupled colormetric assay (18) . Plasma amino acid concentrations were measured using reverse phase HPLC (19) .
Calculations. Assuming as reported by Adkins-Marshall et al. (20) , that the portal vein accounts for -80% of hepatic blood flow, hepatic sinusoidal insulin concentrations were calculated as HSI = [(PIT, x 4) + (AIt)]/5 where PI, and AT, are portal and arterialized venous insulin concentrations present at time t. Portal insulin concentrations were calculated as suggested by Hother-Nielsen et al. (21) assuming that the portal venous/peripheral venous gradient is 2.4/1 in the fasting state.
Therefore PIO was calculated as 2.4 X ALo and PIT, = Al, + [(PIo-Alo)
x (CPt/CPO)] where CP is arterialized venous c-peptide concentrations and the subscript 0 refers to the mean basal concentration present before the low and high dose insulin infusions (i.e., from -30-0 min). Since the diabetic subjects were being infused with insulin during the basal period, PIo and CP0 were set equal to the mean values present in the nondiabetic subjects. This assumes that insulin and c-peptide clearance in the fasting state is the same in diabetic and nondiabetic individuals.
Glucose appearance and disappearance were calculated in each subject using Steele's non-steady state equations (22) as modified by DeBodo et al. (23) . The glucose volume of distribution was assumed to equal 200 ml/kg and the pool correction factor 0.65. Glucose specific activity was smoothed using the OOPSEG smoothing program (24) provided courtesy of Drs. Bradley and Bergman. Hepatic glucose release was calculated by subtracting the glucose infusion rate from the tracer determined rate of appearance. The percentage of glucose derived from bicarbonate was estimated by dividing the plasma [6- '4C]glucose specific activity by the 14CO2 breath specific activity as previously described (16, 17) . As with all current isotopic dilution approaches, this method is influenced by dilution of the tracer within the oxaloacetate pool (25, 26) . However, changes in intramitochondrial dilution have been shown to be small under a variety of circumstances (26) and if anything presumably would be greater in the diabetic subjects due to increased rates of fat oxidation (3) ; this would lead to an underestimation rather than an overestimation of the rate of incorporation of labeled carbon dioxide into glucose. While this approach does not measure gluconeogenesis from glycerol, contribution of glycerol to hepatic glucose release is small particularly during insulin infusion (27 
Results
Plasma glucose, c-peptide, and insulin concentrations. Fasting plasma glucose concentrations were slightly but significantly (P < 0.01) higher in the diabetic than nondiabetic subjects before the 0.5 mU/kg'1 per min-' insulin infusion but did not differ before the 1.0 mU/kg-' per min-' insulin infusion ( Fig.   1 , top panel). Plasma glucose concentrations were the same in the diabetic and nondiabetic subjects during both the low and high insulin infusions. The overnight insulin infusion resulted in fasting peripheral insulin concentrations that were higher (P < 0.01) in diabetic than nondiabetic subjects before both the low (132±25 vs. 34±4 pmol/liter) and high (120±21 vs. 38±4 pmol/liter) insulin infusions (Fig. 1, second panel) . On the other hand peripheral insulin concentrations did not differ between groups during either the low or high dose insulin infusions.
C-peptide concentrations were lower (P < 0.001) in diabetic subjects than nondiabetic subjects both before and during the low and high dose insulin infusions ( Fig. 1, third panel) . However, the magnitude of the difference decreased with time during the insulin infusions since c-peptide fell in the latter but not the former.
Although the absolute levels were higher, calculated hepatic sinusoidal insulin showed the same pattern as peripheral insulin concentrations ( Fig. 1, bottom panel) . Calculated hepatic sinusoidal insulin concentrations were higher (P < 0.05) in the diabetic than nondiabetic subjects before both the low ( 143±23 vs 71±8 pmol/liter) and high (131±19 vs 82±7 pmol/liter) dose insulin infusions. As with peripheral insulin concentrations, calculated hepatic sinusoidal insulin concentrations did not differ between groups during either the low or high dose insulin infusions. Glucagon, growth hormone, and cortisol were comparable in both groups before and during both insulin infusions (data not shown).
Glucose infusion rates and glucose specific activities. The glucose infusion rate required to maintain euglycemia was lower (P < 0.01 ) in the diabetic than the nondiabetic subjects reaching rates, respectively, of 11.0±2.3 vs 26.6±1.9 1mol/kg per min and 18.6±3.3 vs 33.7±2.4 gmol/kg-' per min' during the final 30 min of the low and high dose insulin infusions (Fig.  2) . [6-3H] glucose specific activity increased slightly but similarly in both groups during both insulin infusions. [6- '4C]-glucose specific activity fell less rapidly (P < 0.01) in the diabetic during both insulin infusions.
Hepatic glucose release and glucose disappearance. Hepatic glucose release was higher in the diabetic than nondiabetic subjects before both the low (10 Fig. 3 ) but not the diabetic subjects (i.e., fourth squares in top panels of Fig.  3 ). Furthermore, in contrast to what was observed with glucose appearance, the rate of increase of glucose disappearance was slower from 30 min onward in diabetic subjects compared to nondiabetic subjects during both insulin infusions. Percent incorporation of '4C02 into glucose. In an effort to assess the contribution of gluconeogenesis to hepatic glucose release, the rate of incorporation of 14CO2 into glucose was measured. The percent glucose derived from 14CO2 was lower (P < 0.05) in the diabetic than nondiabetic subjects before both the low and high dose insulin infusions. (Fig. 5) . Whereas both insulin infusions resulted in a prompt decrease in the percent glucose derived from 14CO2 in the nondiabetic subjects, suppression (expressed as area below basal) was impaired (P < 0.01) in the diabetic subjects during both the low (-3 release, both the percent incorporation of "4CO2 into glucose and hepatic glucose release were expressed as a percent of basal rates (Fig. 6) . When thus expressed, the percent incorporation of 4C02 into glucose in the nondiabetic subjects fell slightly slower than hepatic glucose release during the first 2 h of the low dose insulin infusion. Suppression of these parameters was comparable during the remainder of the low dose insulin infusion and during the entire high dose insulin infusion. In contrast, the suppression of incorporation of "'CO2 into glucose in the diabetic subjects was considerably slower (P < 0.02) than suppression of hepatic glucose release throughout the entire low dose insulin infusion. An impaired but less marked discordance between the rate of suppression incorporation of "'CO2 into glucose and hepatic glucose release also was observed during the high dose insulin infusion. Glycerol, lactate, and amino acid concentrations. To determine whether the differences in gluconeogenesis between groups could be due to differences in substrate availability, we measured glycerol, lactate, and amino acid concentrations before and during the low and high dose insulin infusions. The overnight insulin infusion resulted in slightly lower fasting glycerol concentrations in the diabetic than nondiabetic subjects on both the low (59±13 vs 120±32 mmol/liter) and high (72±15 vs 90±15 mmol/liter) dose insulin study days (Fig. 7) . These concentrations; however, did not differ significantly, possibly in part due to large interindividual variation. Fasting lactate, Time (min) Time (min) Figure 7 . Plasma glycerol, alanine, and lactate concentration observed in the diabetic and nondiabetic subjects during the low (left) and high (right) dose insulin infusions. The low and high dose insulin infusions were started at time zero. alanine, and other amino acid concentrations also did not differ between groups (data not shown).
The insulin infusions resulted in a decrease in glycerol in both groups. Although the magnitude of the fall was less (P < 0.05) in the diabetic than nondiabetic subjects, the resultant glycerol concentrations did not differ between groups from 60 min onward. Alanine and lactate concentrations if anything were higher in the nondiabetic than diabetic subjects during both insulin infusions (Fig. 7) . The concentration of the other amino acids did not differ in diabetic and nondiabetic subjects during both insulin infusions (data not shown).
Discussion
The present experiments demonstrate that the rate of increase in glucose disappearance in response to an increase in insulin concentration is impaired in people with NIDDM. In contrast, the rate of suppression of hepatic glucose release is normal. Since muscle is the primary site of glucose uptake when insulin is increased in the presence of euglycemia, these data suggest that NIDDM slows the rate-limiting step in insulin action in muscle but not in liver. On the other hand, diabetes impairs the ability of insulin to suppress carbon dioxide incorporation into glucose (a qualitative index of gluconeogenesis) suggesting that while the overall kinetic response to a change in insulin is normal, the relative contribution of gluconeogenesis and glycogenolysis to glucose production is not. 
Effects of

Diabetic
Effects of diabetes on the rate of stimulation of glucose utilization and suppression ofhepatic glucose release. Previous investigators using the hyperinsulinemic euglycemic clamp technique have established that the eventual response achieved at a given insulin concentration is impaired in people with NIDDM (1) (2) (3) (4) (5) . At steady state, hepatic glucose release is greater and glucose uptake is lower in diabetic than nondiabetic subjects. However, limited information is available regarding the rate of response to insulin in humans due in large part to difficulties in the past in measurement of glucose turnover under non-steady state conditions (15, (28) (29) (30) . The slower rate of increase in glucose disappearance in the diabetic subjects is consistent with results previously reported by DeFronzo et al. using the limb catheterization technique (10) . These investigators noted that the rate of increase of leg glucose uptake was slower in diabetic individuals for 1 h after an acute increase in plasma insulin concentration to -100 jLU/ml. The present experiments extend these observations by demonstrating at the whole-body level that this kinetic defect also occurs at lower insulin concentrations and persists for at least 4 h.
In contrast to the slower increase in disposal, NIDDM did not alter the rate of suppression of hepatic glucose release. The rate of fall of glucose release was assessed from 30 min onward. This period was chosen since, although the insulin concentrations during the infusions did not differ in the two groups, the increment in peripheral and calculated hepatic sinusoidal insulin concentrations during the first 30 min was slightly lower in the diabetic subjects. This made the comparable rate of fall in the two groups even more impressive. The normal rate of response occurred in the presence of what would traditionally be considered as evidence of hepatic insulin resistance (i.e., higher steady state rates of release of glucose during the final hour of the low dose insulin infusion despite comparable peripheral and calculated hepatic sinusoidal insulin concentrations). A similar dichotomy between the rate of response in hepatic and extrahepatic tissues has also been observed in other insulin resistant states. Prager et al. (31 ) reported that while the rate of insulininduced stimulation of glucose uptake was impaired in individuals with insulin resistance due to obesity, the rate of suppression of hepatic glucose release was not thus paralleling the pattern observed in the NIDDM subjects in the present experiments.
An overnight insulin infusion was used to lower fasting glucose concentrations in the diabetic subjects to those present in the nondiabetic subjects so that the rate of onset of insulin action could be compared in the presence of comparable and constant glucose concentrations in both groups. This infusion clearly did not restore insulin action to normal since steady state rates of glucose disappearance were lower and hepatic glucose release higher in the diabetic than nondiabetic subjects (see Fig.  3 ). However the present experiments do not permit determination of the effects of the overnight insulin infusion on the kinetics of response to insulin. The overnight insulin infusion does not appear to have substantially improved insulin action at steady state since rates of disappearance and hepatic glucose release observed in the present experiments during the final hour of the low dose insulin infusion are virtually identical to those previously observed in a comparable group of diabetic subjects studied under similar conditions in the absence of an overnight insulin infusion (32) . However, since the glucose concentrations were permitted to fall in our previous experiments to the euglycemic range during the insulin infusion (32), the kinetics of response to insulin could not be assessed. It is therefore possible that the overnight insulin infusion altered the kinetic but not the eventual response to insulin. Although future studies will be required to answer this question, the present data clearly demonstrate that insulin resistance can have different effects on the kinetics of insulin action in hepatic and extrahepatic tissues. Despite impaired stimulation of glucose utilization, the rate of suppression of hepatic glucose release in response to a change in insulin concentration in people with NIDDM is still normal.
Multiple steps are required for insulin to exert it actions. Insulin must transverse a capillary epithelial barrier in muscle but not liver (33) (34) (35) (36) (37) (38) . Although the rate of transcapillary transport of insulin has not been measured in diabetic humans, slowed egress of insulin from blood into the interstitium is unlikely to be the explanation for the impaired extrahepatic responses observed in the present experiments since it has not been impaired in other insulin resistant states in which it has been measured (39, 40) . Furthermore, it seems unlikely that a mere delay in equilibration could fully explain the present data since the difference between responses in the diabetic and nondiabetic subjects presumably would decrease with time rather than progressively diverge as was observed. This pattern suggests additional defects at the level of insulin binding and/or intracellular signaling. Such defects may be intrinsic to NIDDM or may be influenced by factors associated with the diabetic state (e.g., the severity of hyperglycemia and/or insulin deficiency).
Insulin is believed to stimulate glucose uptake in muscle by increasing either the number or activity of plasma membrane glucose transporters (41) . In contrast, insulin decreases hepatic glucose release by decreasing the activity of glycogenolytic and/or gluconeogenetic enzymes. The slower rate of stimulation of glucose disposal but normal rate of suppression of glucose release could readily be explained by an alteration in the rate of activation or in the rate of incorporation of the insulin sensitive glut 4 isomer into the plasma membrane since this transporters is believed to regulate glucose metabolism in muscle but not liver (41) . Against this supposition is the demonstration by Ciraraldi et al. that the kinetics of insulin stimulated adipocyte 3-0-methylglucose uptake did not differ in comparably obese diabetic and nondiabetic subjects (42) . Whatever the cause, the dichotomy between the slowed rate of uptake but the normal rate of suppression of glucose release is of interest relative to the recently proposed single-gateway hypothesis in which it is postulated that peripheral insulin action is the primary determinant of hepatic response (43) . The discordance in the diabetic subjects between the normal rate of suppression of hepatic glucose release and the abnormal rate of increase in glucose uptake indicates that the close linkage between hepatic and extrahepatic responses observed in nondiabetic humans is disrupted by NIDDM. Effect of insulin on the contribution of gluconeogenesis to hepatic glucose release in diabetes. Both glycogenolysis and gluconeogenesis contribute to hepatic glucose release after an overnight fast. Gluconeogenesis appears to be increased in untreated diabetes mellitus (11, 12 (25, 26) , incorporation of radiolabeled carbon dioxide into the carbon skeleton of glucose occurs as pyruvate is converted to oxaloacetate via pyruvate carboxylase. Similar to other such approaches, this method provides a qualitative rather than a quantitative estimate of gluconeogenesis. Although the percentage of glucose derived from '4CO2 was slightly lower in the diabetic subjects during the basal period, the rate of hepatic glucose release was slightly higher; therefore the absolute rate of release of [14C] glucose did not differ between groups. However the response during the insulin infusions was clearly abnormal in the diabetic subjects. Whereas both the low and high insulin infusions resulted in a prompt decrease in the rate of incorporation of '4CO2 into glucose in the nondiabetic subjects, virtually no suppression occurred in the diabetic subjects during the low dose insulin infusion and minimal but still impaired suppression occurred during the higher insulin infusion. The disproportionate contribution of gluconeogenesis to glucose release is unlikely to be substrate driven, as the concentrations of glycerol, lactate, alanine, and other glycogenic amino acids were not increased in the diabetic subjects. In addition, it does not appear to be hormonally mediated, since suppression of glucagon was equivalent in both groups and since cortisol and growth hormone concentrations did not change during insulin infusion in either group. These data strongly suggest that the site of the defective regulation of gluconeogenesis by insulin is intrahepatic in origin.
Several recent studies have reported that glycogenolysis and gluconeogenesis are regulated in a reciprocal manner under a variety of circumstances (45) (46) (47) (48) . Although the rate of incorporation of 14CO2 into glucose was excessive in diabetic subjects during both insulin infusions, as discussed above, the rate of suppression of hepatic glucose release by insulin was normal. When the rates of incorporation of '4CO2 into glucose and hepatic glucose release were expressed as a percentage of baseline (Fig. 6) , both fell in parallel in the nondiabetic subjects, implying proportional suppression of glycogenolysis and gluconeogenesis. In contrast, glucose derived from carbon dioxide decreased at a slower rate than hepatic glucose release in the diabetic subjects suggesting that the delay in suppression of gluconeogenesis was offset by more rapid suppression of glycogenolysis. The data expressed in this fashion suggest that glycogenolysis was particularly sensitive to further increases in insulin in these well-insulinized patients with NIDDM. This conclusion, however, must remain tentative until the effects of insulin on glycogenolysis and gluconeogenesis are measured quantitatively rather than qualitatively.
Limitations. It is possible that the rate of suppression may have been impaired in the diabetic subjects if assessed during lower insulin concentrations. However, the low insulin infusion rate used in the current studies resulted in insulin concentrations that were only 15 .U/ml higher than those required to maintain euglycemia in the basal state. [6-3H ] glucose specific activity increased slightly in both groups during the insulin infusions. Previous studies have shown that an increase of this degree has a minimal impact on the accuracy of measurement of glucose turnover (15, 28) . Even if it did, the slightly greater increase in glucose specific activity in the diabetic group would lead to an overestimate of the rate of increase in disappearance and an underestimate of the rate of decrease in glucose release; such errors would strengthen the present conclusions.
Quantitative measurement of gluconeogenesis in humans is difficult if not impossible. The advantages and limitations of using the rate of incorporation of labeled carbon dioxide into glucose as an index of gluconeogenesis have been previously discussed (16, 25, 26) . The present experiments only provide an estimate of the proportion of glucose entering the systemic circulation that is derived from gluconeogenesis. Chiasson et al. have previously shown that small increments in insulin decrease the rate of release of glucose derived from alanine in humans fasted for 48 h without fully suppressing incorporation of labeled glucose into glycogen (49). Thus we cannot exclude the possibility that insulin preferentially shunted glucose-6-phosphate synthesized via the gluconeogenic pathway into glycogen in the nondiabetic but not the diabetic subjects.
In summary, hepatic glucose release is inappropriately high and glucose disappearance is inappropriately low for the prevailing insulin level in individuals with NIDDM, indicating the presence of insulin resistance. The rate of insulin-induced stimulation of glucose disappearance is slower in diabetic than nondiabetic subjects, whereas the rate of suppression of hepatic glucose release is normal. On the other hand, diabetes impairs the ability of insulin to decrease the rate of entry of newly synthesized glucose into the systemic circulation, thereby changing the relative contribution of gluconeogenesis and glycogenolysis to hepatic glucose release. These data indicate that in people with NIDDM, the rate-limiting steps in insulin action and therefore the potential sites of insulin resistance differ in hepatic and extrahepatic tissues.
